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Bovine Tumor Necrosis Factor Receptor-1 and Methods of 

Use 



CROSS referencetjuiei:Xted applications 

This application clmnjs-pri6nt>^ 35 U.S.C. §1 19(e) to U.S. provisional 
applicationsenakitfinb^^ 60/122,156, filed February 26, 1999. 

TECHMCAL FIELD 

This invention relates to cytokines and cell signaling, and more particularly, to bovine 
tumor necrosis factor (TNF) receptor-L 

BACKGROUND 

Tumor necrosis factor-a (TNF-a) is a pleiotropic cytokine, and is produced by 
activated macrophages/monocytes and lymphocytes. TNF-a is a potent mediator in 
inflammatory and immune responses, including the recruitment of leukocytes to injured 
tissues during bacterial and other microbial infections, and following stimulation with 
inflammatory substances. When present in excessive quantities, however, TNF-a is known 
to cause tissue injury, and has been implicated in the pathology associated with several 
inflammatory and autoimmune diseases. 

The biological effects of TNF are mediated through two distinct receptors, TNF-RI 
and TNF-Rn (in humans, p55 and p75, respectively), which differ in sequence and molecular 
mass. TNF-RI is reported to be present at low levels in most, if not all, human cell types, and 
expression of the gene in humans can be upregulated by infection, interferons, and 
modulators of second messengers, such as phorbol esters. The extracellular portions of both 
receptors also exist in soluble forms, which are derived by proteolytic cleavage fi-om the cell 
surface. The soluble TNF receptors retain the ability to bind TNF in solution. Activated 
cells often shed their TNF receptors, which can render the target cell less sensitive to the 
biological effects of TNF. Soluble TNF receptors have been identified in urine and sera fi-om 
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healthy individuals, and have been shown to be elevated in some chronic diseases and 
following inoculation with agents that induce TNF-a release. 

SUMMARY 

The present invention describes the cloning and characterization of nucleic acid 
encoding the bovine tumor necrosis factor receptor-I (TNF-RI). Additionally, a soluble 
bovine TNF-RI was produced and demonstrated to be a potent inhibitor of bovine tumor 
necrosis factor a (TNF-a). The availability of nucleic acid sequences encoding the bovine 
TNF-RI, particularly those nucleic acid sequences encoding a soluble form, provides a 
therapeutic compound for preventing and treating inflammatory diseases in bovine animals. 

In general, the invention features an isolated nucleic acid, such as (a) the nucleotide 
sequence of SEQ ID N0:1; (b) a fragment of the nucleotide sequence of (a) encoding a 
functional polypeptide fragment; (c) a nucleotide sequence that is at least 85% identical to (a), 
or (b); or (d) a nucleotide sequence complementary to (a), (b) or (c). For instance, the 
nucleotide sequence may be at least 90% identical, or at least 95% identical, to (a) or (b). 
The nucleic acid may encode a bovine tumor necrosis factor receptor-I (TNF-RI), which may 
bind tumor necrosis factor (TNF). The nucleic acid may encode, for example, a TNF-RI 
having the amino acid sequence of SEQ ID N0:2. 

The invention also features a nucleic acid such as (a) the nucleotide sequence shown 
in SEQ ID N0:3; (b) a fragment of the nucleotide sequence of (a) encoding a ftmctional 
polypeptide fragment; (c) a nucleotide sequence that is at least 85% identical to (a) or (b); or 
(d) a nucleotide sequence complementary to (a), (b) or (c). The nucleic acid may encode a 
soluble bovine TNF-RI, which may bind TNF. The nucleic acid may encode, for example, a 
soluble bovine TNF-RI having the amino acid sequence of SEQ ID N0:4. 

Additionally, there are provided vectors that include one or more of the above- 
described nucleic acids. The vector(s) may include elements necessary for expression of the 
above-described nucleic acids operably linked to the nucleic acid(s). The invention further 
provides host cells containing such vectors. 

The invention also features isolated bovine TNF-RI and soluble bovine TNF-RI 
polypeptides. Additionally, antibodies that have specific binding affinity for the bovine 



TNF-RI and soluble bovine TNF-RI polypeptides are provided. A feature of the invention is 
a soluble bovine TNF-RI, which may include a bovine TNF-RI extracellular domain or 
fragments thereof. The soluble bovine TNF-RI may further bind TNF. 

Yet another feature of the invention is an isolated nucleic acid encoding a fusion 
protein. Within the context of the present invention, the fusion protein may be encoded by a 
nucleic acid encoding a soluble bovine TNF-RI and a second nucleic acid sequence. For 
example, the second nucleic acid sequence may be an antibody or fragment thereof. 

The invention also features a method of inhibiting TNF cytotoxicity in a bovine 
animal, and includes administering an effective amount of a polypeptide or a nucleic acid 
encoding the polypeptide to the animal. In the context of the present invention, the 
polypeptide is one or more soluble, functional polypeptide fragments of bovine TNF-RI that 
bind TNF and thereby inhibit TNF cytotoxicity in the bovine animal. For example, soluble, 
functional polypeptide fragments of bovine TNF-RI may be administered by dfrect infiision, 
and further, may be directly infused into the animal's mammary gland. In the context of the ^ 
present invention, inhibition of TNF cytotoxicity in the animal is useful, for example, to treat 
mastitis. The effective amount may be, for example, from about 1 ^g/kg body weight to 
about 1 mg/kg body weight. 

Another feature of the invention is a pharmaceutical composition, including one or 
more soluble, functional polypeptide fragments of bovine TNF-RI and a phaimaceutically 
acceptable carrier. Also provided is a kit, which includes at least one unit dose of the above- 
described pharmaceutical composition. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
pertains. Although methods and materials similar or equivalent to those described herein can 
be used in the practice or testing of the present invention, suitable, but not necessarily 
preferred, methods and materials are described below. In addition, the materials, methods 
and examples are illustrative only and not intended to be limiting. All publications, patent 
applications, patents, and other references mentioned herein are incorporated by reference in 
their entirety. In case of conflict, the present specification, including definitions, will control. 



The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the drawings and detailed description, and from the claims. 



DESCRIPTION OF DRAWINGS 

Fig. 1 is the nucleotide sequence and the deduced amino acid sequence of a bovine 
tumor necrosis factor receptor-I (TNF-RI) cDNA (GenBank Accession No. U90937). A 
solid line indicates the hydrophobic signal peptide and a dashed line indicates the 
transmembrane region. Within the extracellular domain, the cysteine residues are circled and 
N-linked glycosylation sites are boxed. 

Fig. 2 is a graph showing the presence of tumor necrosis factor (TNF) in bovine 
mammary gland prior to and following the onset of a febrile response to Escherichia coli 
challenge of one quarter of the mammary gland. 

Fig. 3 is a graph demonstrating anti-bovine TNF cytotoxicity by soluble bovine TNF- 
RI. 

Like reference symbols in the various drawings indicate like elements. 



DETAILED DESCRIPTION 

The invention relates to a bovine tumor necrosis factor receptor-I (TNF-RI), and more 
specifically, a soluble bovine TNF-RI, which is a potent inhibitor of bovine TNF-a. This 
invention demonstrates that soluble bovine TNF-RI has therapeutic value as an inhibitor of 
tumor necrosis factor (TNF) in cattle suffering from coliform mastitis or other inflammatory 
disease. 



Bovine TNF receptor-I 

In one aspect, the invention features an isolated nucleic acid encoding a bovine tumor 
necrosis factor receptor-I (TNF-RI), or the complement thereof. As used herein, "isolated" 
refers to a nucleotide sequence encoding part or all of the bovine TNF-RI, but free of 
sequences that normally flank one or both sides of nucleic acid sequences encoding bovine 
TNF-RI in the bovine genome. The term "TNF-RI" refers to a receptor in which the 
extracellular domain binds TNF and propagates a signal to the cell via the intracellular 
domain. Typically, TNF-RI is found on most, if not all, bovine cell types, including 
neutrophils and mononuclear leukocytes. 

An example of a nucleotide sequence encoding a bovine TNF-RI is shown in Fig. 1 
(SEQ ID N0:1), which is a 2440 bp cDNA having an open reading frame of 1413 
nucleotides. The amino acid sequence of a bovine TNF-RI is shown in SEQ ID N0:2, and is 
471 amino acids in length. The start codon for the bovine TNF-RI is a methionine 
corresponding to nucleotide 294 of SEQ ID NO: 1 and the protein terminates with a stop 
codon corresponding to nucleotide 1709. The bovine TNF-RI includes a signal peptide, an 
extracellular domain, a transmembrane domain and an intracellular domain (Fig. 1). 

In another aspect, the invention features a soluble fragment of the bovine TNF-RI, 
hereinafter referred to as "soluble TNF-RT' or "soluble bovine TNF-RI". As used herein, 
"soluble" TNF-RI refers to a TNF-RI polypeptide that is water-soluble or soluble in an aqueous 
solution, preferably having a physiological pH. An example of a nucleotide sequence encoding 
a soluble bovine TNF-RI is shown in SEQ ID N0:3 and is 543 nucleotides in length. An 
example of an amino acid sequence of a soluble bovine TNF-RI is shown in SEQ ID N0:4 
and consists of 181 amino acids. SEQ ID N0:4 corresponds to the extracellular domain of 
the full-length bovine TNF-RI (Fig. 1). Typically, a soluble bovine TNF-RI includes the 
extracellular domain, but may include more or less amino acids, provided that the polypeptide 
remains soluble. 

A bovine TNF-RI or soluble bovine TNF-RI nucleic acid may have a sequence that 
deviates from that shown in SEQ ID N0:1 or SEQ ID N0:3, respectively. For example, a 
nucleic acid sequence can have at least 85% sequence identity to the nucleotide sequence of 
SEQ ID NO: 1 or SEQ ID NO: 3. In some embodiments, the nucleic acid sequence can have at 



least 90% sequence identity or at least 95% sequence identity to SEQ ID N0:1 or SEQ ID 
N0:3. 

Generally, percent sequence identity is calculated by determining the number of 
matched positions in ahgned nucleic acid sequences, dividing the number of matched positions 
by the total number of aligned nucleotides, and multiplying by 100. A matched position refers 
to a position in which identical nucleotides occur at the same position in aligned nucleic acid 
sequences. Nucleic acid sequences can be ahgned by visual inspection, or by using sequence 
alignment software, such as the Sequence Analysis Software Package of the Genetics 
Computer Group, University of Wisconsin Biotechnology Center, 1710 University Avenue, 
Madison, WI 53705, or BLAST programs (provided as a service by the National Center for 
Biotechnology Information, www.ncbi.nhn.nih.gov) . The programs are described in detail 
by Karhn et al„ Proc Natl Acad Sci USA 87:2264 (1990) and 90:5873 (1993), and Altschul et 
al., Nucl Acids Res 25:3389 (1997). Typically, default parameter and algorithms are used 
when performing sequence analysis. Sequence analysis of TNF-RI as described herein was 
performed using BestFit (with a Gap Weight of 5.0 and 3.0 and a Length Weight of 0.3 and 
0. 1 for nucleic acids and amino acids, respectively). 

In another aspect, the invention includes fragments of the bovine TNF-RI nucleic acid 
and polypeptide. Fig. 1 shows various domains (i.e., intracellular, transmembrane and 
extracellular) of the bovine TNF-RI nucleic acid and polypeptide that, by way of example, 
provide usefiil regions from which to generate fragments. For example, a fragment of a bovine 
TNF-RI nucleic acid sequence can include from about nucleotide 294 to about nucleotide 1709 
of SEQ ID N0:1, from about nucleotide 378 to about nucleotide 923, from about nucleotide 924 
to about nucleotide 1001 or from about nucleotide 1002 to about nucleotide 1709. Given the 
nucleotide sequence of a bovine TNF-RI, virtually any nucleic acid fragment can be generated 
by icnown means {e.g„ restriction enzyme digestion, the polymerase chain reaction) and, if so 
desired, expressed to produce the corresponding polypeptide fragment. Alternatively, the 
boyine TNF-RI polypeptide can be cleaved (e.g., proteolytically) to generate polypeptide 
fragments directly. 

Additionally, "fiinctional polypeptide fragments" of the bovine TNF-RI can be 
produced. *Tunctional polypeptide fragments" are defined as polypeptide fragments of bovine 



TNF-RI that retain the ability to bind bovine TNF. For instance, a polypeptide from about 
nucleotide 378 to about nucleotide 923 corresponding to the extracellular domain was 
demonstrated herein to retain the ability to bind TNF, Therefore, the polypeptide encoded by 
nucleotides 378-923 of SEQ JD N0:1 is an example of a functional polypeptide fragment. The 
ability of polypeptide fragments to bind TNF may be assayed using the methods described 
herein. 

A nucleic acid encoding a bovine TNF-RI may be obtained from, for example, a cDNA 
library made from bovine endothelial cells treated with TNF, or can be obtained by other means, 
including, but not limited to, the polymerase chain reaction (PGR). PGR refers to a procedure or 
technique in which target nucleic acids are amplified. PGR can be used to amplify specijc 
sequences from DNA as well as RNA, including sequences from total genomic DNA or total 
cellular RNA. Various PGR methods are described, for example, in PCR Primer: A 
Laboratory Manual, Dieffenbach, G. & Dveksler, G., Eds., Gold Spring Harbor Laboratory 
Press, 1995. Generally, sequence information from the ends of the region of interest or beyond , 
is employed to design oligonucleotide primers that are identical or similar in sequence to 
opposite strands of the template to be ampUfied. Representative oUgonucleotide primers are 
shown in SEQ ID N0:5, 6, 7 and 8. 

Furthemiore, bovine TNF-RI nucleic acids can be detected by, for example, a variety of 
hybridization techniques. Hybridization typically involves Southern or Northern blotting (see, 
for example, sections 9.37-9.52 of Sambrook et al., 1989, "Molecular Cloning, A Laboratory 
Manual", 2"** Edition, Gold Spring Harbor Press, Plainview; NY). Oligonucleotide fragments 
can hybridize under moderate stringency conditions, or preferably, under high stringency 
conditions to a bovine TNF-RI nucleic acid (e.g., DNA or RNA), or the complement thereof. 
High stringency conditions can include the use of low ionic strength and high temperature 
washes, for example 0.015 M NaGl/0.0015 M sodium citrate (O.IX SSG), 0.1% sodium 
dodecyl sulfate (SDS) at 65''C. Alternatively, denaturing agents such as formamide can be 
employed during hybridization (e.g., 50% formamide with 0.1% bovine serum albumin/0.1% 
Ficoll/0.1% polyvinylpyTTolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM 
NaGl, 75 mM sodium citrate at 42°G). 



Bovine TNF receptor-I nucleic acid constructs 

The present invention includes vectors containing the bovine TNF-RI nucleic acid of 
SEQ ID N0:1 (or the complement thereof), nucleic acids encoding functional polypeptide 
fragments of SEQ ID N0:1 {e.g., SEQ ID N0:3) (or the complements thereof) and nucleic 
5 acids having at least 85% sequence identity to SEQ ID N0:1 (or the complements thereof). 
Cloning vectors and expression vectors suitable for use in the present invention are 
commercially available and used routinely by those of skill in the art. Vectors of the 
invention may additionally comprise elements necessary for expression operably linked to a 
bovine TNF-RI nucleic acid sequence. Elements necessary for expression include promoter 
10 sequences, and additionally may include regulatory elements, such as enhancer sequences, 
response elements or inducible elements that modulate expression of the bovine TNF-RI 
p nucleic acid sequence. As used herein, "operably linked" refers to positioning of a promoter 

and/or other regulatory element(s) in a construct relative to the bovine TNF-RI nucleic acid 
sequences in such a way as to direct or regulate expression of the TNF-RI nucleic acid. Such* 
I Jl 1 5 constructs can be produced by recombinant DNA technology methods routine in the art. 
'^^ In still another aspect, the invention features nucleic acid sequences encoding a fusion 

protein containing a soluble bovine TNF-RI and a second polypeptide. The second 
polypeptide may be an antibody or fragment thereof As used herein, "antibody" refers to 
whole antibodies of any class, i.e., IgG, IgA, IgM or any other known class and includes 
O 20 portions or fragments of whole antibodies (e.g., Fab fragments) having the desired affinity. 

The choice of expression systems depends upon several factors, including, but not 
limited to, replication efficiency, selectability, inducibility, targeting, the level of expression 
desired, ease of recovery and the ability of the host to perform post-translational 
modifications. For instance, the high cysteine content foimd in the TNF-RI proteins has 
25 previously created solubility problems due to improper protein folding when the receptors are 
expressed in prokaryotic expression hosts (Jones et al., 1997, Biochemistry 36: 14914-14923, 
and references therein). The Pichia pastoris heterologous gene expression system, on the 
other hand, has been used successfiiUy to produce large quantities of TNF-RI in a soluble 
form that have previously been insoluble when expressed in E. coli. Using a Pichia pastoris 
30 expression system, soluble bovine TNF-RI was expressed as a diffuse polypeptide ranging in 
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molecular weight from -20-25 kDa, each band probably representing a different level of 
glycosylation of the polypeptide. However, despite producing variously glycosylated 
polypeptide species, P. pastoris has been reported to not hyperglycosylate secreted proteins, 
which is especially important for proteins that are intended for in vivo use (Tschopp et al, 
1987, 5/o7ecA«o/o^ 5:1305-1308). 

As used herein, the term "host" or "host cell" is meant to include not only 
prokaryotes, such as E. coli, but also eukaryotes, such as yeast, plant and animal cells. A 
host cell can be transformed or transfected with a DNA molecule {e.g., a vector) using any of 
the techniques commonly known to those of ordinary skill in the art. Host cells containing a 
vector of the present invention may be used for such purposes as propagating the vector, 
producing bovine TNF-RI nucleic acid {e.g., DNA, RNA, antisense RNA) or expressing the 
bovine TNF-RI, soluble forms thereof and other functional polypeptide fragments. 

Nucleic acids of the present invention may be detected by methods such as Southern 
blot or Northern blot analysis {i.e., hybridization), polymerase chain reaction (PGR) or in situ, 
hybridization analysis. TNF-RI proteins are typically detected by Western blot analysis 
(using antibodies (monoclonal or polyclonal) that have specific binding affinity for a bovine 
TNF-RI polypeptide) or sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis 
followed by Coomassie Blue-staining. 

Therapeutic and diagnostic uses for bovine TNF receptor-I 

The invention also features novel therapeutic and diagnostic uses for the bovine TNF- 
RI nucleic acids and polypeptides of the present invention. For example, soluble, functional 
polypeptide fragments of TNF-RI (e.g., soluble bovine TNF-RI, e.g., the extracellular 
domain of TNF-RI) can be used to therapeutically treat bovine mastitis. 

Mastitis is defined as inflammation of the mammary gland. Infectious mastitis is 
caused by a plethora of microbial agents (Watts, 1988, Vet Micro 16:41-66). Veterinarians 
are routinely called upon to treat cows for mastitis, and nearly half of the nation's herd of 9.5 
million dairy cows in the US (USD A estimates for January, 1997) will experience at least one 
episode of mastitis during each lactation. As used herein, "lactation" refers to the period in 
which the mammary gland produces milk. Bovine lactation typically lasts approximately 



305 to 365 days, followed by 45-60 days of a dry, non-lactating period (to allow, for 
example, mammary gland "regeneration of tissue" and colostrum formation). At the end of a 
dry period, a cow calves and begins the lactation cycle again. 

Bovine coliform- mastitis, characterized by inflammation of the mammary gland due 
to intramammary infections with gram negative bacteria, is common in dairy cattle during the 
periparturient and early lactation periods, and is a major cause of lost milk production and 
reduced milk quality for the dairy industry. Antibiotics play a limited role in treatment of 
mastitis {e.g., dry cow intramammary therapy or during lactation caused by gram positive 
bacteria, e.g.. Streptococcus spp.), and control procedures mainly entail preventing exposure 
of teat canals to new infections. Antibiotics are ineffective against coUform {i.e., gram 
negative) bacterial infections, and therefore, there are no approved efficacious treatments for 
coliform mastitis. 

Mastitis-induced hypogalactia is a major financial concem of dairy fanners. 
Hypogalactia is apparently mediated in part by local factors in the infected quarter of the 
mammary gland but also by systemic reactions that affect the non-infected quarters of the 
same mammary gland. Additionally, the problem of coliform mastitis is compounded by the 
fact that a significant number of intramammary infections with coHform bacteria result in a 
peracute disease, which is accompanied by severe systemic disturbances and often death. 

When mastitis is induced by mammary gland challenge with E. coli or endotoxin, 
TNF is produced and detected in whey before or coincident with physiological {e.g., 
pyrexia), cellular {e.g., leukocytic influx), and mammary gland {e.g., hypogalactia) 
responses. Fig. 2 illustrates a temporal relationship between TNF and rectal temperature 
approximately 12 h after challenge with E. coli. Milk TNF-a levels and other inflammatory 
cytokines have been shown to be greatly elevated during natural or experimental bovine 
coliform mastitis, while extremely high serum TNF-a concentrations have been associated 
with acute and peracute coliform mastitis. Production of TNF appears consistently 
throughout the disease progression and the levels of TNF found in lacteal secretions typically 
correlate with the clinical severity of disease. 

The cloning and sequencing of bovine TNF-RI nucleic acids, as disclosed herein, 
provides a necessary tool for the expression of soluble forms of bovine TNF-RI to block TNF 
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cytotoxicity locally in the bovine mammary gland. Soluble forms of the bovine TNF-RI 
polypeptide are also useful for the therapeutic treatment of other bovine inflammatory 
diseases. The efficacy of the soluble bovine TNF-RI as an inhibitor of TNF-a cytotoxicity is 
demonstrated herein. Additionally, evidence demonstrating that the soluble bovine TNF-RI 
is a better inhibitor of bovine TNF-a than monoclonal antibody (MAb) BC9 (an antibody 
directed towards TNF-a) is significant, since anti-TNF-a monoclonal antibodies have been 
shown to elicit an anti-globulin response when used in vivo to neutralize TNF-a in humans 
(Abraham et al., 1998, Lancet 351:929-933). Moreover, soluble bovine TNF-RI that binds 
both TNF-a and TNF-P (lymphotoxin) is more valuable as an anti-TNF agent than antibodies 
that recognize only one or the other. 

In one aspect of the present invention, there is provided a method of inhibiting TNF 
cytotoxicity in a bovine animal by administering an effective amount of one or more soluble, 
functional polypeptide fi-agments of bovine TNF-RI (or one or more nucleic acids encoding 
soluble, functional polypeptide fi-agments of bovine TNF-RI) to the animal. The soluble, 
functional polypeptide fi*agments of bovine TNF-RI bind TNF and thereby inhibit TNF 
cytotoxicity. As used herein, "cytotoxicity" refers to cellular toxicity, which is typically 
measured by cell staining {e.g., healthy cells may exclude a certain dye, whereas dying or 
dead cells absorb the dye). The routes of administration can depend on a variety of factors, 
such as the type and location of the infection. It is anticipated that the preferred therapeutic 
use for soluble, functional polypeptide fi-agments of bovine TNF-RI are administration of the 
soluble, functional polypeptide fi-agment(s) directly into the mammary gland to treat mastitis 
in the affected quaiter(s). Typically, infusion into the mammary gland is via the teat canal. 
This method of administration (via an infusion tube) is currently performed by dairy farm 
employees to introduce antibiotics directly into the mammary gland. More general routes of 
administration, such as intravenous, intramuscular, intraperitoneal, intrauterine, intravaginal, 
intranasal, intradermal, subcutaneous, topical, or the like are also provided. 

A preparation containing at least one soluble, functional polypeptide fi^igment of 
bovine TNF-RI can be in any form, provided the preparation can be administered to a bovine 
animal in an amount and for a duration that is effective to prevent, reduce, and/or eliminate 
bovine mastitis or other inflanmiatory disease. For example, preparations of soluble, 
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functional polypeptide fragments of bovine TNF-RI for administration can include solutions, 
suspensions, emulsions, gels, ointments, creams, powders, pills, capsules and tablets. In 
addition, preparations within the scope of the invention can contain additional ingredients, 
including, without limitation, pharmaceutically acceptable aqueous, non-aqueous, and solid 
vehicles or carriers, therapeutic compounds, steroids, mucolytic agents, other anti- 
inflammatory agents, immunosuppressants, vasodilators, vasoconstrictors, and/or 
combinations thereof. 

The dosages of soluble, functional polypeptide fragments of bovine TNF-RI depends 
upon many factors, including the mode of administration and the degree of treatment 
required (e,g., whether the infection is confined to the mammary gland or has become 
systemic). Typically, the concentration of soluble, functional polypeptide fragments of 
bovine TNF-RI contained within a single dose will be an amount that effectively reduces 
TNF levels without inducing significant toxicity. Generally, a preparation may be infused 
into the mammary gland in a volume of from about 5 ml to about 30 ml, and may include, by, 
way of example, a dose of from about 10 mg to about 100 mg of soluble, functional 
polypeptide fragments of bovine TNF-RI. Administered doses of soluble, functional 
polypeptide fragments of bovine TNF-RI may be lower if, for instance, the soluble, 
functional polypeptide fragments of bovine TNF-RI are expressed as a fusion protein that 
ultimately results in an increased binding affinity by the soluble, functional polypeptide 
fragments for TNF. Infusion regimens for the soluble, functional polypeptide fragments of 
bovine TNF-RI may include, but are not limited to, the first 2-3 milkings after mastitis is 
initially recognized in an animal. 

The invention v^ill be further described in the following examples, which do not limit 
the scope of the invention described in the claims. 
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Example 1 — Cloning the nucleic acid sequences encoding the bovine tumor necr sis 
factor receptor-I (TNF-RI) 

The following primers were designed for polymerase chain reaction (PCR) 
amplification from conserved regions among the porcine TNF-RI cDNA: 
forward primer: 5'-AGTGTGTGTCCCCAAGGAAA-3' (SEQ ID N0:5) and 
reverse primer: 5'-GCAGCCACACACGGTGTCC-3' (SEQ ID N0:6). A Uni-ZAP™ XR 
cDNA library (Stratagene, La Jolla, CA) of bovine endothelial cells treated with recombinant 
human TNF-a (rhuTNF-c^) was titered, diluted, and used as template for PCR. A 250 bp 
PCR fragment was amplified from 1.4 x 10^ plaque-forming units (pfu). The DNA fragment 
was sequenced and showed high homology with porcine and human TNF-RI sequences. 
This fragment was labeled with ^^P-dCTP using the random priming method (Pharmacia, 
Piscataway, NJ) and then used as a probe to screen the bovine endothelial cell cDNA library. 

Plaque lifts and phagemid in vivo excision were carried out according to 
manufacturer's protocols. In short, 1.4 X lO"^ pfus were plated. Plaque hybridization was 
performed overnight at 42''C in a solution containing 50% formamide, 6X SSC, 3.3X 
Denhardt's solution, 0.1 mg/ml sonicated sahnon sperm DNA, and 0.4% SDS. Filters were 
washed twice in 2X SSC/0.1% SDS for 5 min at room temperature (RT), once in IX 
SSC/0.1% SDS for 5 min at RT, once in 0.1 X SSC/0.1% SDS for 5 min at RT, and a final 
wash in O.IX SSC/0.1% SDS for 5 min at 53°C, then exposed at -70°C for 18 h to X-ray fihn 
for autoradiography. Positive plaques were ampUfied and re-screened. After the second 
screening, the double-positive X clones were subjected to in vivo excision. The pBluescript 
phagemids excised from the X clones were purified and insert sizes were evaluated by 
restriction enzyme digestion analysis. One of three positive clones, containing a cDNA 
insert that was approximately 2,5 Kb, was selected for fiirther characterization. 

Example 2 — Characterization of bovine TNF-RI 

Double-stranded DNA sequencing was performed by automated dideoxy sequencing 
at the Iowa State University DNA Sequencing Facility. DNA and deduced amino acid 
sequences were analyzed using the programs in the GCG software package (University of 
Wisconsin Genetics Computer Group, Inc., Madison, WI, USA). 
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The composite cDNA sequence for the bovine TNF-RI coding region (Fig. 1) shows 
82% homology with porcine TNF-RI and 77% homology with human TNF-RI. The deduced 
amino acid sequence for bovine TNF-RI shows 75% and 67% identity with porcine and 
human TNF-RI, respectively. The bovine TNF-RI amino acid sequence (Fig. 1) consists of a 
hydrophobic signal peptide (29 amino acids), a cysteine-rich extracellular domain (181 
amino acids), a hydrophobic transmembrane region (23 amino acids), and a cytoplasmic tail 
(238 amino acids). The extracellular domain contains three potential N-glycosylation sites at 
the same positions as the porcine and human TNF-RI. Furthermore, the extracellular region 
contains 24 cysteine residues (4 repeated cysteine-rich domains), which are 100% conserved 
in all species and are consistent with belonging to the TNF receptor family. 

Expression of TNF-RI in selected bovine cells and tissues was evaluated by Northern 
blot analysis. Mononuclear cells (MNC) and neutrophils were separated (Kehrli et al, 1990, 
Am. J. Vet. Res. 51:1826-1836; Harp et al., 1991, Vet. Immunol. ImmunopathoL 2S:29-35) 
and stimulated with pokeweed mitogen for 18 h (PWM; 10 [ig/ml) and platelet activating 
factor for 3 h (PAF; 1 ^g/ml), respectively. Lymph node and spleen were homogenized and 
RNA was extracted without stimulating the cells. Total RNA from cells and tissues was 
extracted using Trizol (Gibco BRL, Gaithersburg, MD) and chloroform, precipitated with 
isopropanol, and washed with 75% ethanol. Twenty ng of total RNA from each sample were 
electrophoresed through a 1% agarose gel containing formaldehyde, blotted onto nylon 
membranes, and probed with a ^^P-dCTP random labeled cDNA probe derived from bovine 
TNF-RI (-1 .3 kb of the coding region). Prehybridization, hybridization, and washing 
conditions were the same as those used for the cDNA Ubrary screening. 

Detectable expression of TNF-RI mRNA was found m bovine spleen and lymph node 
tissue, as well as blood mononuclear cells and neutrophils. The size of the transcript detected 
(-2.4 kb) is consistent with the predicted size of the mRNA derived from the cloned cDNA. 
These data confirm that the TNF-RI gene is present and expressed in bovine cells of immime 
lineage. 
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Example 3 — Expression and purification of soluble bovine TNF-RI 

The sequence encoding the putative extracellular domain of bovine TNF-RI was 
amplified by PGR fi-om the cloned bovine TNF-RI cDNA (Lee et al., 1998, Vet. Immunol: 
Immunopathol. 61:379-385) using an upstream primer (5*- 

TCTCTCGAGAAAAGAGAGGCTGAAGCTCTGGTCCCTCACCCeGGG-3'; SEQ ID 
NO : 7) and downstream primer (5 ' - 

GCTCTAGAGCTTATGTAGTGCCTGGGTCCTGAGAGTCTT-3'; SEQ ID N0:8). The 5' 
region of the upstream primer contains the last 27 nucleotides of the sequence coding for a- 
factor signal peptide fi-om the pPICZa A vector (Invitrogen, San Diego, CA, USA), and 
incorporates an ^ol restriction site at the 5' end of the ampUfied product. The downstream 
primer incorporates a transcription stop codon and znXbal restriction site at the 3' end of the 
amplified product. 

The amplified product was isolated using the Wizard® PGR Preps DNA Purification 
System kit (Promega, Madison, WI, USA), digested with Xhol and Xbal restriction 
endonucleases (Gibco BRL, Grand Island, NY, USA) and ligated into the ATioI dmdXbal- 
sites of the pPIGZa A vector to produce pPIGZa/soluble TNF-RI. Ligations were 
transformed into £. coli strain Topi OF' (Invitrogen) and transformants selected according to 
recommended procedure (Invitrogen). Recombinant clones were analyzed for the presence 
of insert by restriction digestion, and sequenced to confirm the integrity of the constructs. 

iSacI-linearized pPICZa plasmid DNA containing nucleic acid sequences encoding 
the soluble bovine TNF-RI (5 mg/transformafion) was used to chemically transform P, 
pastoris strains GS 11 5 and KM71 (Invitrogen) according to the Easy Qom^™Pichia 
transformation kit protocol (Invitrogen). Integration of vector DNA into the Pichia genome 
was confirmed by PGR using 5'AOXl and 3'AOXl primers as described in the 
EasySelect™Pic/i/a Expression Kit protocols (Invitrogen). The methanol utilization (Mut) 
phenotypes of Zeocin-resistant (Invitrogen) transformants from the GS115 transformation 
reaction were also analyzed according to the EasySelecf^Pic/iia Expression Kit protocols. 

Expression of soluble bovine TNF-RI was performed in baffled shake flasks (Sigma, 
St. Louis, Mo, USA) according to recommended procedure (EasySelecf^Pic/iia Expression 
Kit protocols). Buffered glycerol-complex mediimi (BMGY) was used for the generation of 
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biomass and buffered methanol-complex medium (BMMY) for induction of protein 
expression. To maintain induction, 100% methanol was added to a final concentration of 1% 
every 24 h. To purify the soluble bovine TNF-RI, Pichia culture supematants were 
concentrated using Cenfricon Plus-80 concentrators (Millipore, Bedford, MA, USA) and 
dialyzed overnight at 4*='C against column equilibration buffer (10 mM Tris-HCl, 25 mM 
NaCl, 10 mM P-mercaptoethanoI, pH 8.0). They were then loaded onto 20 ml columns of 
diethylaminoethyl (DEAE)-sephacel (Sigma) previously equilibrated in the same buffer. 
Bound proteins were eluted using a NaCl gradient (0-500 mM) in lOmM Tris-HCl, pH 8.0. 
Protein in each fi:^ction was confirmed by monitoring absorbance at A280. Fractions 
containing soluble bovine TNF-RI were pooled, concentrated using a Centriptep-lO 
concentrator (Millipore) and stored at -70°C. Five hundred \i\ of culture supematants were 
concentrated to 15 ^1, and the entire volume loaded onto an SDS-PAGE for analysis of the 
P/c/i/a-expressed soluble bovine TNF-RI polypeptide. 

Example 4 — ^TNF inhibition assays 

TNF inhibition assays were performed as described in the CellTiter 96™ Non- 
Radioactive Cell ProUferation Assay (www.Promega.com/tbs/tbl 12/tbl 12.htmn with slight 
modifications. Briefly, two-fold serial dilutions of soluble bovine TNF-RI or anti-bovine 
TNF-a monoclonal antibody (MAb) BC9 (courtesy of Dr. Jan Naessens, International 
Livestock Research Institute, Nairobi, Kenya) were incubated for 1 h at room temperature 
with equal volumes of bovine whey samples (Shuster et al., 1993, Am. J. Vet, Res. 54:80-85) 
firom milk obtained fi-om quarters that had been infused with lipopolysaccharide (LPS) fi-om - 
Escherichia coli serotype 055:B5 (Sigma, St. Louis, Mo, USA). The samples were then 
assayed in triplicate for cytotoxicity on WEHI 164 mouse fibrosarcoma cells (clone 13), 
seeded at a concentration of 3 x 10^ cells/well in RPMI-1640 medium (Sigma) supplemented 
with 10% heat-inactivated fetal bovine serum (Hyclone Laboratories, Logan, UT) and 50 |ig 
gentamicin/ml (Sigma), A recombinant murine TNF-a was used as a standard to calculate 
TNF-a cytotoxicity in the samples. Absorbances were read at a wavelength of 590 nm and 
corrected for background absorbances using a reference wavelength of 650 nm. 
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Example 5 — Therapeutic efficacy of soluble b vine TNF-RI 

A DNA fragment (SEQ ID N0:3) encoding 181 aa of the predicted extracellular 
domain of bovine TNF-RI (SEQ ID N0:4) was amplified by PGR and cloned into the 
pPICZoA expression vector downstream of the inducible alcohol oxidase 1 (AOXl) gene 
promoter and in frame with the sequence coding for the a factor signal peptide. The 
resulting pPICZa/soluble TNF-RI construct was linearized at a unique Sad site within the 
5'AOXl region and transformed into GS 11 5 and KM71 cells leading to integration of the 
vector DNA into the corresponding region of the Pichia genome. Integration into the Pichia 
genome was confirmed by PGR, arid the Mut phenotype of GS115 integrants determined by 
growth on minimal methanol histidine plates. Several Mut"^ OS 1 1 5 integrants, as well as 
Mut^ KM71 integrants, were tested for their ability to express soluble bovine TNF-RI in 
small-scale expression cultures, and clones that secreted a polypeptide of the expected size 
(-21 kDa) upon induction with methanol, as determined by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis with Coomassie Blue staining, were selected and used in , 
large-scale protein expression studies. Expressed proteins were purified to greater than 95% 
purity by ion-exchange chromatography and verified to be of bovine origin by Western 
blotting using rabbit anti-bovine whole serum that had been adsorbed with horse and pig 
serum proteins. 

Purified soluble bovine TNF-RI polypeptide was evaluated for its ability to block 
bovine TNF-ct cytotoxicity on murine WEHI 164 cells (Fig. 3). Bovine whey samples 
prepared from milk obtained fix)ra quarters that had been infused with 25 \ig LPS/quarter 
served as source of bovine TNF-a. The anti-bovine TNF-a MAb, derived from hybridoma 
BG9 (Sileghem et al., 1992, Hybridoma 1 1 :617-627), was used as a reference for TNF-a 
cytotoxicity blockade. Dilutions of soluble bovine TNF-RI were incubated for 1 h at 37°G 
with equal volumes of whey samples containing 6 A U bovine TNF-o/ml. For a control, 
whey samples were mixed with equal volumes of medium or the anti-bovine TNF-a MAb, 
BG9. Fifty )il of the mixtures were added to WEHI 164 cells clone 13 and incubated for a 
further 20 h. 3-(4,5-dimethylthia2ol-2-yl)-2,5-diphenyrtetrazolium bromide (MTT) (Sigma) 
was added, the samples incubated for an additional 4 h, and the reactions stopped by addition 
of stop/solubilization solution. Samples were then left to stand overnight at room 
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temperature, and the conversion of MTT into a formazan product by surviving cells 
evaluated by measuring absorbance at 590 nm. The expressed soluble bovine TNF-RI 
blocked TNF-ct cytotoxicity by 50% when used at a concentration of about 200 jig/ml, and 
97% when used at a concentration of 300 p.g/m\ (Fig. 3). In contrast, MAb BC9 inhibited 
85% of TNF-a cytotoxicity when used at a concentration of 900 )ig/ml. Compared to the 
anti-bovine TNF-a monoclonal antibody BC9, soluble bovine TNF-RI exhibited greater than 
2-fold more potency at blocking bovine TNF-a than did the monoclonal antibody. 

It is to be understood that while the invention has been described in conjunction with 
the detailed description thereof, the foregoing description is intended to illustrate and not 
limit the scope of the invention, which is defined by the scope of the appended claims. Other 
aspects, advantages, and modifications are within the scope of the following claims. 
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